Increased behavioral sensitivity to the pheromone after brief exposure of the whole insect to the sex pheromone has been documented in antennal lobe neurons of Spodoptera littoralis. We investigated whether a brief stimulus of the major component of the pheromone on naïve antenna separated from the head increased the electroantennographic responses after successive stimulations at different times. The response increase was clear 30 min after the first stimulation, and this effect lasted at least 60 min, the average life time of the antenna. Our results suggest that the olfactory receptor neurons, and not only the neurons in the antennal lobe, may be involved in the increased antennal response after a single pheromone pulse.
It has been described that exposure to different odors can induce a change of sensitivity in two directions: habituation and sensitization [1, 2] . Habituation is the decrease of a behavioral response after repeated or long presentations of a specific stimulus [3] . Sensitization is, in contrast, the effect in which individuals become more sensitive to a stimulus of particular interest [4, 5] . Males of Spodoptera littoralis displayed an increased sensitivity to the female sex pheromone after a brief exposure to its main component (Z,E-9,11-tetradecadienyl acetate, in abbreviated form (Z,E)-9,11-14:Ac), compared with that found in naïve males [4] . The increased response lasts at least 27 h after the exposure. This increase of behavioral sensitivity was correlated with an increased sensitivity to the sex pheromone in antennal lobe neurons within the primary olfactory center [1, 6] , whereas peripheral sensitivity did not change as measured by electroantennogram (EAG) recordings [6] . However, in a further study, males pre-exposed to sex pheromone displayed 24 h later an increase of peripheral sensitivity to the main pheromone compound, and the authors concluded that the short exposure to the sex pheromone triggers changes at multiple levels of the olfactory pathway [7] .
Our aim was to study the electrophysiological antennal response induced after a brief pre-exposure to the major component of the pheromone on severed antennae of S. littoralis. By using isolated antennae we could avoid any possible influence of other olfactory mechanisms, which are also involved in pheromone reception. At the same time, the overall antennal responses measured on EAG allow an easy, fast recording of the simultaneous activation of many sensilla, despite the lower sensitivity compared with singlesensillum recordings [8] . The response increase in EAG would indicate that the olfactory receptor neurons (ORNs) would also be involved in the sensitization effect to neurons in the antennal lobe.
The pheromone of S. littoralis is composed of a mixture of 7 unsaturated acetates [9] , although the major compound alone (Z,E)-9,11-14:Ac, is able to produce full behavioral output on males in a wind tunnel [10] . To establish the optimum dose for our study, a dose-response study was performed in EAG, the dose of 1 µg of the major component being the one that induced the best response ( Figure 1) . The responses to the synthetic pheromone [11] were No compounds were used to normalize the responses because we considered that the antenna should rest naïve before any kind of stimulus. In this context, previous experiments in our lab showed that a short exposure of the antennae to plant volatiles could increase the response to the pheromone significantly.
We established the life time of the antenna to single stimulations of 1 µg of the major component at different times after being removed from the head. Our results show that freshly cut antennae can give reproducible EAG responses for 60 min after being set up between the electrodes, and no significant differences were observed between stimulations at different times ( Figure 2 ). It should be noticed that 33% of the tested antennae lowered significantly their response at 60 min stimulation.
After establishing a reasonable working time with the cut antennae, we determined whether a brief stimulus on naïve antenna had an effect on successive stimulations. EAG responses were recorded when the antenna was subjected to "puffs" of 1 g of pheromone at different intervals (Figure 3) . At time 0 the response was 0.6 ± 0.02 mV (N=27), much lower than the one obtained at the same dose in the dose-response study (1.13± 0.17 mV, N=9) where insects have been already exposed to other doses of pheromone. This effect was repeatedly observed at successive time intervals. No significantly different responses were observed when stimulations were performed five minutes after the first exposure to the pheromone ( Figure 3A) . However, 15 min after the first exposure, the responses appeared to be higher than at time 0, but the results were not always significant (P=0.12, Figure 3A ; P=0.016, Figure 3B ). Nevertheless, stimulation after 30 min induced increased responses significantly ( Figure 3A -B-C). At 60 min, recordings followed this trend, but only when one stimulation was given after the initial puff ( Figure  3D ). In general, after the intermediate stimulations, a drop of depolarization was noticed, either as a result of the short life time of the antenna when severed from the head or the natural "fatigue" produced by the successive stimulations.
Our results reveal for the first time that pre-exposure to brief puffs of pheromone induces an increase of the EAG responses even when the antenna is severed from the head. The effect lasts for at least 60 min, the average life time of an isolated antenna. Previous authors have not observed any significant effect in EAG when males were pre-exposed 27 h earlier [6] , and it is likely that the discrepancy with our results could be due to the different design of the experiments. In our case, the significant increase of the EAG response indicates that the ORNs may also be involved in this effect and not only the neurons in the antennal lobe. Our results agree with those of Guerrieri et al. [7] , who established by single sensillum experiments that the peripheral detection of the pheromone increased at the level of individual pheromone-sensitive ORNs.
Experimental
Insects: S. littoralis moths were reared in the laboratory at 25 ± 2°C and 65 ± 10% relative humidity (RH) with a 16:8 h light-dark (L:D) photoperiod on an artificial diet slightly modified from those previously reported [12] . Eggs were deposited by S. littoralis females on strips of filter paper in a plastic container (18 cm long × 14 cm wide × 9 cm high). Groups of S. littoralis larvae were placed into glass containers (7.5 cm high × 17.5 cm i.d.), and provided with small cubes of diet.
The lid of the boxes had a few small holes to avoid fungal development. When the larvae stopped feeding, sawdust was provided for pupation. Pupae were sexed, and adults were separated daily by age and kept in plastic containers (see above). Adults were provided with a 10% sucrose solution. 
Pheromone extracts: During the calling period, virgin females of 1-2 days old were made dozy with CO 2 , the pheromone glands were excised and immersed in 100 µL of n-hexane. After 1 h of extraction at room temperature, the supernatant was collected and stored at -80ºC. Three extracts of 2-4 glands per extract were considered for analysis.
Chemical analysis: Gland extracts and synthetic compounds were analyzed by GC-MS on a Thermo Finnigan Trace 2000 GC system coupled to a Trace MS quadrupole mass spectrometer (Thermo Fisher Scientific, Madrid, Spain) using helium (1 mL/min) as the carrier gas. The column used for analysis was a HP-5MS fused silica capillary column 30 m × 0.25 mm i.d. × 0.25 µm (Agilent Technologies, Madrid, Spain) under the following chromatographic conditions: injection at 60ºC for 1 min, then program of 5ºC/min up to 300ºC, which was maintained for a further 10 min. Electron impact mass spectra were recorded at 70 eV in the range of m/z 40-400. The extracts were carefully concentrated with the aid of a Pasteur pipette to 1-2 µl and then injected in a splitless mode in a single injection.
Electroantennogram:
The EAG apparatus was commercially available from Syntech (Kirchzarten, Germany). In brief, male antennae were excised, cut on both ends and fixed to both electrodes with conducting gel Spectra 360 (Parker Lab. Inc., Hellendoorn, The Netherlands). A flow of humidified pure air (1000 mL/min) was continuously directed over the male antenna through the main branch of a glass tube (7 cm long × 5 mm diameter). Test stimulations were carried out by giving puffs of air (300 mL/min) for 100 ms through a Pasteur pipette with the aid of a stimulus controller CS-01 (Syntech). The pipette contained a small piece of filter paper (1.5 cm diameter) on which either the gland extracts or the synthetic compound had been deposited. The solvent was allowed to evaporate before the tests. Three stimulations of each compound were applied at intervals of 60 sec on the antennae. The antennae of at least 6 insects were considered for the experiments. Control puffs with a piece of paper containing only solvent (n-hexane) were also intercalated between two consecutive stimuli to determine the baseline depolarization of the antennae. The signals were amplified (100 ×) and filtered (DC to 1 kHz) with an IDAC-2 interface (Syntech), digitized on a PC and analyzed with the EAG Pro program. Depolarization means were compared for significance using analysis of variance (ANOVA) followed by either the LSD test (P<0.05) or Student t test (P <0.05).
Experiments:
To establish the optimal dose of pheromone, different amounts of the major pheromone component (1, 10, 100 and 1000 ng) diluted in n-hexane were deposited on a filter paper. The best dose was selected for the subsequent experiments. To determine the life time, antennae of insects of the same age were subjected to unique "puffs" of 1 g of the main pheromone compound at certain times (0, 5, 15, 30 and 60 min). For the experiments to establish the sensitization effect when the antennae were separated from the rest of the body, the antennae were stimulated at times 0, 5, 15, 30 and 60 min; 0, 15, 30 and 60 min; 0, 30 and 60 min; and 0 and 60 min, respectively.
